We consider multi-Higgs-doublet models which, for symmetry reasons, have a universal HiggsYukawa (HY) coupling, g. This is identified with the top quark g = gt ≈ 1. The models are concordant with the quasi-infrared fixed point, and the top quark mass is correctly predicted with a compositeness scale (Landau pole) at M planck , with sensitivity to heavier Higgs states. The observed Higgs boson is att composite, and a first sequential Higgs doublet, H b , with g ≈ gt ≈ 1 coupled tobR(t, b)L is predicted at a mass 3.0 M b 5.5 TeV and accessible to LHC and its upgrades. This would explain the mass of the b−quark, and the tachyonic SM Higgs boson mass 2 . The flavor texture problem is no longer associated with the HY couplings, but rather is determined by the inverted multi-Higgs boson mass spectrum, e.g., the lightest fermions are associated with heaviest Higgs bosons and vice versa. The theory is no less technically natural than the standard model. The discovery of H b at the LHC would confirm the general compositeness idea of Higgs bosons and anticipate additional states potentially accessible to the 100 TeV pp machine.
In 1980 the earliest studies of the renormalization group (RG) flow of the top quark Higgs-Yukawa coupling were undertaken [1] [2] . The skeletal RG equation for the top quark Higgs-Yukawa coupling, g t , is:
where D = 16π 2 ∂/∂ ln(µ), µ is the running mass scale, g 3 is the QCD coupling, and N c = 3 is the number of colors. For illustrative purposes we discuss the one-loop RG equation and suppress electroweak corrections.
Starting the running of g t (µ) at very large mass scales, µ = M X , with large initial values, i.e., g t (M X ) >> 1 (effectively a Landau pole at M X ), it is seen that g t (µ) flows into an "infrared quasi-fixed point." This is "quasi" in the sense that, if the QCD coupling, g 3 , was a constant then g t would flow to an exact conformal fixed point. The low energy prediction of the top quark Higgs-Yukawa (HY) coupling from the infrared quasi-fixed point is very insensitive to its precise, large initial values and mass scales. This is often nowadays called a "focus point," since a focusing occurs in the infrared, and the top quark mass is determined to lie within a narrow range of values. This is shown in Fig.(1) where the effective top mass m top = g t (µ)v (where v = 175 GeV is the electroweak scale) is plotted vs. renormalization scale µ (GeV); the physical top mass corresponds log(µ) ∼ 2. Assuming the initial mass scale of the Landau pole (LP) is of order 10 15 − 10 19 GeV, the quasi-fixed point translates into values of the top quark mass that are heavy, as seen in Table I . One obtains m top ∼ 220 GeV starting with the LP at the Planck mass.
Initially this prediction for an ultra-heavy top mass was greeted with some derision. The favored top quark mass values in the early 1980's ranged from ∼ 15 GeV to ∼ 26 GeV and it was evidently considered absurd that an elementary fermion in the standard model (SM) would have a mass comparable to the weak scale. climbed above ∼ 100 GeV, the possibility of the ultraheavy top quark became a high probability. Prior to the top quark discovery, following suggestions of Nambu, [3] , and pioneering work of Miransky, Tanabashi and Yamawaki, [4] , a predictive theory of a composite Higgs boson was constructed by Bardeen, Hill and Lindner [5] . This is based upon a Nambu-Jona-Lasinio model [6] where the Higgs is composed oftt [7] . It turns out that the solution to the top condensation theory is, in fact, the RG quasi-fixed point! The quartic coupling of the Higgs, λ(µ), is also governed by a similar infrared quasi-fixed point (see the detailed RG discussion in [8] ).
Ultimately, the top quark was discovered in 1995 at Fermilab by CDF and D-Zero [9] [10], with a mass of m t = 174 GeV. The top mass is shy of the naive SM infrared quasi-fixed point with M X = 10
19 GeV by about 20%. I consider this to be a success of the infrared quasi-fixed point, given that the prediction assumed only SM physics extending all the way up to Planck scale. To me this may be indicative of a composite Higgs boson oftt, but the whole story is yet to be unraveled.
I have long wondered what would convincingly bring the top mass quasi-fixed point prediction into concordance with experiment. It turns out that it isn't easy to do this with minor modifications of the SM. For example, one might consider imbedding SU (3) → SU (3) × SU (3)..., at intermediate scales in the RG running, such as a perturbative version of "topcolor," or "flavor universal colorons," or "latticized extra dimensions." However, this generally causes the effective g 3 to become larger and the quasi-fixed point of g t (m t ) moves up and the discrepancy with experiment gets larger. Moreover, in thett composite scheme the quartic Higgs coupling is too high λ ∼ 1 vs. the SM value, λ ∼ 0.25, and leads to an unacceptably large Higgs boson mass [5] . This may also be informing us of required modifications of the renormalization group beyond the simple SM inputs at higher energy scales to bring the result into concordance with experiment [11] .
II. SCALAR DEMOCRACY
Recently we have considered a rather drastic, maximal scalar field extension of the SM [12] (and a less drastic minimal version, [13] ). This was largely motivated by curiosity: How obstructive are the rare weak decay flavor constraints on a rich spectrum of Higgs bosons? How many scalars might exist, given the fermion composition of the SM, and what patterns might be suggested, etc.? We call this model "Scalar Democracy." We count the allowed vertex operators (see Section III) and we find that this leads to a vast spectrum of color octet isodoublets and triplet leptoquarks, etc. We assume these exotic new scalar bosons have ultra-large masses and do not affect low energy RG running. The model also contains eighteen Higgs doublets in the quark sector and likewise in the lepton sector that will have masses extending up to ∼ 10 5 TeV. These two subsectors resemble an SU (6) L × SU (6) R linear Σ-model Lagrangian [14] (as in Fig.(2) ), where the interaction is subcritical and ultimately only the SM Higgs condenses.
The theory has one universal HY coupling g defined at the Planck scale, which we view as the compositeness scale of all scalars. This universal g is renormalized as we flow into the infra-red and symmetry breaking effects lead to slightly different values in the different subsectors of the theory. For quarks this coupling near the weak scale is identified with the top quark, g t = g, while for leptons we obtain g ∼ 0.7g. Hence, our theory is calibrated by the known value of g t ≈ 1 [12] . This buys us some predictivity.
Here the flavor physics and mass hierarchy problems are flipped out of the Higgs-Yukawa coupling texture (the texture is now that of Fig.(2) with the single universal coupling g) and into the mass matrix of the many Higgs fields. The Higgs mass matrix is input as d = 2 gauge invariant operators. We have no theory of these, but we must choose the inputs to fit the quark and lepton sector masses and CKM physics, as well as maintain consistency with rare weak decays, etc. It is not obvious a priori that there exists a consistent solution with the flavor constraints.
If we zoom in on the top-bottom, upper left corner of Fig.(2) , we have Σ t = (H t , H C b ) where H t = H 0 is the SM Higgs doublet with coupling g to T L t R and H b is a new isodoublet, also with coupling g to T L b r . H 0 will condense, while mixing of H b with H 0 gives H b a small "tadpole" VEV and accounts for the b quark mass. This also back-reacts, generating the tachyonic H 0 mass and VEV. This mixing is generalized throughout the entire
The top quark fixed point is shifted down in the SU (6) × SU (6) model and becomes concordant with the observed top mass, with residual corrections coming from sensitivity to the extended Higgs spectrum (seee Table II ). sector and generates the masses and mixing angles of quarks. The third generation subsector model can also be viewed as a self-contained theory [13] and is discussed in Section IV. The RG equation for the universal HY coupling in the quark subsector now takes the one-loop form [12] [11]:
Note the enhanced coefficient of g 2 t in eq.(2) relative to eq. (1) where N f is the number of flavors, i.e., N f = 6 in the quark sector of the model.
The resulting RG evolution is shown in Fig.(3) and the top quark mass predictions are given in Table  II . The residual sensitivity to the decoupling of the heavy Higgs bosons reduces the effective N f below the Higgs decoupling scale. We estimate that ∆ = (2.8 GeV) ln( M H /10
2 ) hence ∆ ≈ 19 GeV for an average heavy doublet mass M H ≈ 100 TeV. Hence, the top mass is correctly predicted for M X ∼ 10
19 GeV, and is indirectly probing the new physics of the additional heavy Higgs bosons.
The CKM physics is generated by the off-diagonal Higgs fields and their mixings. We ran numerous benchmark tests of hypothetical Higgs mass matrices to study consistency with flavor physics (rare weak decay constraints) and the generation of quark and lepton masses. A sample of these are displayed in Fig.(4) . The results are nontrivial, yet we find there are consistent solutions where the masses and mixings of a spectrum of new Higgs doublets can explain the entire fermionic mass and CKMmixing structure of the SM with the single universal HY coupling.
Here is a brief summary of the benchmarks, but we must refer the reader to [12] for more detail:
Benchmark 1 shows the mass spectrum of the theory in the absence of right-handed rotation. The Higgs mass estimates exhibit the inverse hierarchy with the Higgses associated to the lighter quarks tending to be the heaviest. A non-trivial left-handed rotation will lower the mass estimates for the off-diagonal mass. In particular, H ct , must be almost as light as H b in order to generate a large off diagonal mass element in the fermion mass matrix. The plot does not show bounds on the Higgs masses, as we have not included the loop-induced effects here.
Benchmarks 2 and 3 illustrate a marginal case, and how much right-handed rotation can be allowed without tension between mass estimates and flavor bounds.
Benchmarks 4 and 5 parametrize mixing in terms of powers of the CKM matrix, to illustrate how large the right-handed mixings can be in terms of a more familiar matrix.
Benchmark 6 puts the entire mixing into a left-handed rotation and gives an example of evading the flavor bounds. The main constraints in this case are from K 0 mixing.
We also show, in Table III , the diagonal Higgs masses in the limit of no CKM mixing with various assumptions on the heavy Higgs mass mixing with the SM Higgs [12] .
In this theory we didn't consider in detail the constraint of grand unification, e.g., sin 2 θ W predictions. I view unification as something we might ultimately retrieve, however, to have the simplest unification, such as SU (5) already requires further extension of the scalar sector since the 24 is not contained in our extended spectrum, while multiplets of the scalar 5 are present. Eight Higgs doublets can easily unify in the SM [15] . Beyond this it appears that to have couping constant unification may require the ad hoc addition of more color states that don't interfere with the running of g t . The final story here may be significantly different than the conventional one, involving perhaps large Planck scale effects, exotic unification, and perhaps composite gauge fields.
The generic idea of a large spectrum of Higgs bosons is not without precedent, and we only briefly mention some of the literature. The "Private Higgs" models of BenTov, Porto, and Zee, et.al., [16] [17], have diagonal Higgs fields (typically 6 in each subsector) and expect new Higgs states in the TeV mass range, while CKM mixing is input into the model by hand. Related enhanced spectroscopy of composite Higgs bosons arises in various other arenas, e.g., [18] [19] [20] [21] . Bjorken inspired our active thinking about this in private discussions of multiscalars in extra-dimensional gravity models. A similar large number of Higgs doublets has been invoked in an The estimates for diagonal Higgs bosons masses in the limit of no CKM mixing, and assuming (1) the level-repulsion feedback on the Higgs mass term is limited to (100 GeV) 2 for each of the quarks and leptons, hence Mq = (100 GeV)(mt/mq) and M = (100 GeV)(g mt/m ). (2) µ = 100 GeV for all mixings, hence Mq = µ(mt/mq) 1/2 and M = µ(mtg /gmq) 1/2 . Here g = 1, g = 0.7 and v = 175 GeV. For a more detailed discussion see [12] .
interesting model of Weinberg's asymptotic safety [22] . This may preclude a conventional GUT picture if the unification of gauge interactions occurs in tandem with the non-perturbative asymptotically safe fixed point.
Scalars go hand-in-hand with Weyl invariance. Recent models suggest a unified picture of inflation occuring with the dynamical generation of the Planck scale [23] , which may provide a larger context for this scenario. Also, the idea of universal large Higgs-Yukawa coupling, e.g., H b with g = 1, was previously introduced in the context of a Coleman-Weinberg Higgs potential [24] (see also [25] [26]).
III. COUNTING SCALARS
The fixed point of the HY coupling is intimately intertwined with compositeness of Higgs bosons. In the case of top condensation, if we renormalize the Higgs field so the HY coupling becomesψ L t R H, fixed to unity, the coupling then appears in the Higgs kinetic term, (1/g 2 t )DH † DH. A Landau pole, g t → ∞, then implies the Higgs kinetic term vanishes at the composite scale, and at that scale the Higgs becomes an "auxiliary field." We can then integrate the Higgs bosons out of the theory and replace the HY interactions with four fermion interactions, i.e., a Nambu-Jona-Lasinio theory. Above the scale of the LP, we expect that this four fermion interaction is generated by a new gauge force, or gravity. It is the matching of the four fermion theory at the Landau pole to auxiliary Higgs fields that defines the composite Higgs bosons.
All of the SM matter fields can be represented by 48 two-component left-handed spinors, ψ i A . This includes all the left-handed and anti-right-handed fermions. We can collect these into a large global SU (48) × U (1) multiplet, the new dynamics that is blind to the SM gauge interactions. We emphasize that this is a dynamical symmetry, and familiar GUT theories that contain only the SM fermions will be gauged subgroups of this SU (48). Here the indices (i, j) run over all the 48 flavor, doublet, and color degrees of freedom of the SM fermions.
The most general non-derivative (s-wave) scalar-field bilinear we can construct of these fields is the vertex operator,
, which induces a composite field Θ ij as:
where Θ ij transforms as the symmetric 1176 representation of SU (48) (this is analogue to the sextet representation of SU (3)). The field Θ ij contains many complex scalar fields with assorted quantum numbers, including baryon and lepton number, color, and weak charges.
To make contact with the SM fields, we consider the usual 24 left-handed quarks and leptons, Ψ Li , and the 24 right-handed counterparts, Ψ R i . The index i now runs over the chiral SU (24) L and i over the chiral SU (24) R subgroups of SU (48). We thus have:
where Φ i j is the (24 L , 24 R ) complex scalar field with 24 2 = 576 complex degrees of freedom. Ω and Ω are the symmetric 300 representation of SU (24) L and SU (24) R respectively. Together these match the degrees of freedom of Θ ij . Here Ω ij and Ω ij are the analogues of Majorana masses and carry fermion number, while Φ contains fermion number neutral fields, such as Higgs fields, in addition to (B − L) leptoquark multiplets.
The Φ, Ω and Ω fields can be viewed as the "composite fields" arising from a NJL model effective description of the new forces. Consider just the SU (24
where the negative sign denotes an attractive interaction in the potential. It should be noted that we can equally well write current-current (and tensor-tensor) interactions, mediated by heavy spin-1 bosons (or PauliFierz spin-2 gravitons); these will generally contain scalar channels and will Fierz rearrange to effectively reduce to eq.(5) with the attractive signs. There also exists the possibility of the following NJL models:
which lead to the composite bosons Ω and Ω. The first step to solving an NJL theory would be to factorize the interaction of eq. (5) by introducing auxiliary scalar fields. This leads to the equation we started with, eq. (4), where Φ, Ω and Ω are auxiliary fields. A universal flavor and color blind interaction will bind fermion pairs into scalars that are bound states of ordinary quarks and leptons and will generate a plethora of Higgs doublets. These bound states will have a universal Yukawa coupling g at the scale M 2 . Moreover, with g taking on a near-but-subcritical value, these bound states will generally have large positive masses but can be tuned to be lighter than M . Symmetry-breaking effects are required to split the spectroscopy, including the SMH down to its observed negative mass term. All other doublets remain heavy, but will mix.
If g is supercritical then some or all multiplets will acquire negative renormalized masses, M 2 < 0 and the theory develops an overall vacuum instability. For example, the field Φ ij with a supercritical coupling will generally condense into a diagonal VEV, Φ ij = V δ ij . This would become a spontaneously broken Σ-model of SU (24) L × SU (24) R × U (1) × U (1) A . In this supercritical case, all the fermions would acquire large, diagonal constituent masses of order gV , grossly inconsistent with observation.
However, the structure we have just outlined can be subcritical. It will then contain many composite Higgs doublets with a spectrum of positive M 2 's and all fermions would be massless. Exactly how the scalar mass spectrum is generated is beyond the scope of our present discussion. It can come from a scale invariant theory with extended quartc interactons and additional scalars. This in fact could connect up to Weyl invariant theories in which even the Planck scale is generated spontaneously [23] , and will be intimately intertwined with inflation.
We assume such a spectrum of masses and mixings between the bound state scalars that allows for a light sector from the SMH to multi-TeV scales exists and extends up to the highest scales. We assume that Ω ij , Ω ij and all color-carrying weak doublets have very large positive M 2 and therefore we will ignore them. They will be inactive in the RG evolution (though they may be welcome when unification is included). There is fine-tuning required to engineer the light M 2 as d = 2 operators, however many of these terms are technically natural, protected by the SU (48) symmetry structure. In a subset model presented below, keeping only four Higgs fields for the third generation, we see explicitly that the theory is no less techncally natural than the SM with only one unnatural fine-tuning.
Let us examine the quantum numbers of the spectrum of states in the Φ ij system. Here we have:
2 ) ∼Q L U R ; 3 2 × 1 × 2 = 18 complex degrees of freedom (DoFs),
where the brackets denote the SM quantum numbers. The first four entries in the above list are the 36 Higgs doublets in the quark and lepton sectors respectively.
To get an idea of the spectrum of heavy Higgses in this theory we consider the no-CKM-mixing limit of the theory and quote the masses of the diagonal Higgs fields in Table III (see [12] ).
IV. THE TOP-BOTTOM SUBSECTOR
What might convince us that this system exists in nature? We think the discovery of the first sequential Higgs boson, the H b with a coupling g ≈ g t ∼ O(1) tobb would lend compelling credibility to the scenario. As we will see, the H b has an upper bound on its mass of about 5.5 TeV. It may be discovered up to ∼ 3.5 TeV with the LHC, and conclusively so with the energy doubled LHC. Indeed, the LHC aleady has the capability of placing useful limits on the H b .
The top-bottom subsystem is a subsector of the full scalar democracy which can be defined in a self-contained way. It can also be easily extended to include the (τ, ν τ ) leptons, and we will only quore results. The model as such is discussed in [13] . We presently assume the topbottom subsystem is approximately invariant under a simple extension of the Standard Model symmetry group structure
By "approximately" we mean that, if we turn off the U (1) Y gauging, g 1 → 0, the symmetry G is exact in the d = 4 operators (kinetic terms, Higgs-Yukawa couplings, and potential terms). The SM gauging is the usual SU (2) L ×U (1) Y , and is a subgroup of G. The U (1) Y generator is now I 3R + (B − L)/2. This electroweak gauging weakly breaks the symmetry To implement G in the (t, b) sector we require that the SM Higgs doublet, H 0 , couples to t R with coupling y t ≡ g t in the usual way, and a second Higgs doublet, H b , couples to b R with coupling g b . The symmetry G then dictates that there is only a single Higgs-Yukawa coupling g = g t = g b in the quark sector. This coupling is thus determined by the known top quark Higgs-Yukawa coupling, y t = g 1.
Since m b /m t 1, the SU (2) R must be broken. Here we deploy "soft" symmetry breaking through bosonic mass terms which preserves the universality of quark Higgs-Yukawa couplings g. Here we have three a priori unknown renormalized mass parameters, M The assumption of the symmetry, G, of Eq. (7) for the top-bottom system leads to a Higgs-Yukawa (HY) structure that is reminiscent of the chiral Lagrangian of the proton and neutron (or the chiral constituent model of up and down quarks [14] ; in a composite Higgs scenario based upon [5] this model was considered by Luty [27] ):
In Eq. (8), Σ is a 2 × 2 complex matrix and An additional U (1) A axial symmetry arises as an overall phase transformation of Σ → e iθ Σ, accompanied by Ψ L → e iθ/2 Ψ L and Ψ R → e −iθ/2 Ψ R . Σ can be written in terms of two column doublets,
where 
where the SU (2) R symmetry has forced g = g t = g b . Note that this becomes identical to the SM if we make the identification
The HY coupling of the b-quark to H 0 is then y b = g b , but with 1 the SU (2) R symmetry is then lost. The SM Higgs boson (SMH), H 0 , in the absence of H b , has the usual SM potential:
where
−(88.4) GeV 2 (note the sign), and λ 0.25. Minimizing this, we find that the Higgs field H 0 acquires its usual VEV, v = |M 0 |/ √ λ = 174 GeV, and the observed physical Higgs boson, h, acquires mass m h = √ 2|M 0 | 125 GeV. In our present scheme Eqs. (11) and (12) arise at low energies dynamically.
Given Eqs. (8)and (9), we postulate a new potential,
We have written the potential in the Σ notation in order to display the symmetries more clearly. In the above, σ 3 acts on the SU (2) R side of Σ, hence in the limit M 2 2 = 0 the potential V is invariant under SU (2) R , while the µ 2 term breaks the additional U (1) A . The associated CP-phase can be removed by field redefinition in the present model. If the exact U (1) A symmetry is imposed on the d = 4 terms in the potential then operators such as, e iα (det Σ)T r Σ † Σ , e iα (det Σ) 2 , etc., are forbidden. Noting the identity (T r(Σ † Σ)) 2 = T r(Σ † Σ) 2 + 2 det Σ † Σ, we obtain only the two indicated d = 4 terms as the maximal form of the invariant potential.
The global symmetries of G restrict the d = 4 terms of this model. They also make the d = 2 symmetry breaking terms technically natural. For example, the d = 4 operator T r(Σ † Σ) det Σ is disallowed by U (1) A . However the d = 2 't Hooft operator, µ 2 det Σ, breaks U (1) A , is perturbatively multiplicatively renormalized and is technically naturally small (we are not considering nonperturbative instantons here). The analogue of the Higgs boson mass is the d = 2 operator, T r(Σ † Σ), which is allowed by G, but is no less natural than the SM Higgs mass term. The other two d = 2 terms, µ 2 det Σ and T r(Σ † Σσ z ), explicitly break U (1) A and SU (2) R , respectively, are multiplicatively renormalized and can be technically naturally small. In fact, our theory is no less natural than the SM and this is true for the entire scalar democracy!.
Using Eq. (9), V can be written in terms of H 0 and
where we have indicated the renormalization group (RG) scales at which these couplings should be evaluated. In a larger scalar democracy framework both g t (m) and
where the values at the mass scale M b are determined by the RG fixed point.
Furthermore, we find that g t (m), and moreso g b (m), increase somewhat as we evolve downward from M b to m t or m b . The top quark mass is then m t = g t (m t )v where v is the SM Higgs VEV. From these effects we obtain the ratio
The b-quark then receives its mass from the tadpole VEV of H b .
In the case that the Higgs mass, M 2 0 , is due entirely to the level repulsion by H b , ie. M 2 H = 0, (see also [21] and references therein) using Eqs. (17), (23) and (24), we obtain a predicted mass of the H b ,
with m b = 4.18 GeV, m t = 173 GeV, and |M 0 | = 88.4 GeV. We remind the reader we have ignored the effects of the quartic couplings λ, which we expect are small. Moreover, the quartic couplings do not enter the mixing, because terms such as, H † 0 H 0 H † 0 H b are forbidden by our symmetry. The remaining terms only act as slight shifts in the masses, never larger than ∼ λv 2 and can be safely ignored. This is a key prediction of the model. In fact, we can argue that with M 2 H nonzero, but with small fine tuning (see below), the result M b < ∼ 5.5 TeV is obtained. This mass scale is accessible to the LHC with luminosity and energy upgrades, and we feel represents an important target for discovery of the first sequential Higgs Boson.
The simple (t, b) system described above can be extended to the third generation leptons (ν τ , τ ). Remarkably the predictions for the mass spectrum are sensitive to the mechanism of neutrino mass generation. The next sequential massive Higgs iso-doublet, in addition to H b , is likely to include the H τ , and possibly also H ν , which is dependent upon whether neutrino masses are Majorana or Dirac in nature. If neutrino masses are Dirac then H ν is very heavy, ∼ 10
16 GeV, and then have a Dirac seesaw and we can ignore H ν . The details of this are given in [12, 13] .
Hence, the τ mass is given analogously by
and we expect R τ ∼ 0.7. H τ and H b now simultaneously contribute to the SMH mass
(we remind the reader that M 
Of course, we can raise (lower) these masses by introducing the bare positive (negative) M 2 H . However, we do not want to excessively fine tune the difference −|M
As an alternative way of estimating the Higgs masses we follow the same procedure for estimating the fine tuning as is sometimes used in the MSSM or composite Higgs models.
Examining just the theory with H b alone, we can combine the log-derivative sensitivities of M ). Indeed, with more heavy Higgses we have generically smaller masses and these states become more easily accessible to the existing LHC.
We also consider the conventional possibility that the neutrino has a Majorana mass term, which is an extension of the physics beyond the minimal model.arable to m τ . We can then suppress the physical neutrino mass, m ν , by allowing a the usual Type I seesaw. We thus postulate a large Majorana mass term for the ungauged ν R :
Integrating out ν R we then have an induced d = 5 operator that generates a Majorana mass term for the lefthanded neutrinos through the VEV of H ν ,
In this scenario there is no restriction that requires the H ν mass to be heavy, and the neutrino physical mass is now small, given by m ν ∼ m m Dν ∼ m τ is the neutrino Dirac mass. H ν acquires a VEV by mixing, and has comparable feedback on the Higgs mass as H τ ,
We now have an ellipsoid for the masses
With additional light Higgs fields, the elliptical constraint forces all of the Higgs masses to smaller values. We emphasize that the mass bounds of Fig. (2) should be viewed as upper limits on the Higgs mass spectrum that could be explored at the LHC.
V. PHENOMENOLOGY OF THE SEQUENTIAL HIGGS BOSONS
Presently we touch upon the collider phenomenology of this model and refer the reader to [12] for further discussion. Our estimated discovery luminosites for h 0 b are seen to be attainable at the LHC or its upgrades, and we thus encourage and plan more detailed studies. Moreover, the lower mass range 1 TeV is currently within range of the LHC and collaborations should attemtp to place limits.
H b is an iso-doublet with neutral h 210 GeV, for M b = 3.5 TeV. To reduce the backgrounds we impose a 100 GeV p T cut on the each b jet in the quoted cross-sections. Note that the charged h + b would be produced in association withtb, has a significantly smaller cross-section and we have not analyzed it.
We note that the h 0 is centrally produced in a narrow range of rapidity, |η| < 1 which may afford useful cuts, though this somewhat redundant to the 100 GeV p T we used in this study. The main backgrounds are high mass b-quark-dijet production, pp →bb and ordinary flavor dijets pp →qq that fakebb. The pp →bb is mostly forward and requires the p T cut, chosen to be 100 GeV/c. We have not extensively studied the optimization of this choice for this cut. We use the same simulators to generate the backgrounds. See [12, 13] for more details.
We estimate that a 5σ excess in S/ √ B, in bins spanning twice the full-width of the Breit-Wigner, requires an integrated luminosity or M b = 3.5 TeV of ∼ 20ab −1 at 13 TeV, or ∼ 100f b −1 at 26 TeV.
1 Similarly, at a mass of 5 TeV one requires ∼ 3ab −1 at 26 TeV for a 5σ discovery. This assumes double b-tagging efficiencies of order 50%. Here the background is assumed to be mainly gg →bb, but the large fake rate from gg →qq must be reduced to < ∼ 3% for this to apply.
Hence according to our estimates, while meaningful bounds are acheiveable at the current 13 TeV LHC, particularly M b < ∼ 3.5 TeV, the energy doubler is certainly favored for this physics and could cover the full mass range up to ∼ 7 TeV.
Remarkably, the h 0 τ (and h 0 ν ), neutral components of the associated iso-doublets, H τ and H ν , may also be singly produced because they can mix with H b . This implies a total cross section
for the mixing angle, θ, between either the states h 
VI. SUMMARY
The idea that there is a lone Higgs boson in the world is, to me, absurd. 2 We count 1176 possible "slots" in the SM into which we can insert an s-wave complex scalar boundstate. Surely nature must make use of these in a more complete way?
It is certainly possible that the fermion generations arise from, e.g., a topological defect, such as a flux-tube in D = 6 with 3 units of flux, or conifold singularies on Calabi-Yau manifolds. In this case, perhaps the SU (48) is reduced to SU (16) and a more manageable spectrum of Higgses emerges. However, if the fermion generations emerge before a compositeness scale of the scalars, then our present scenario may be relevant.
The extended Higgs scalar theory, which we dub "Scalar Democracy" is a composite scalar theory and is, in a sense, an grand expansion of the old top condensation ideas. Indeed, this realizes the SM Higgs boson
